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(57) ABSTRACT

Provided 1s a high voltage semiconductor device. The semi-
conductor device includes a doped well located 1n a substrate
that 1s oppositely doped. The semiconductor device includes
a dielectric structure located on the doped well. A portion of
the doped well adjacent the dielectric structure has a higher
doping concentration than a remaining portion of the doped
well. The semiconductor device includes an elongate poly-
s1licon structure located on the dielectric structure. The elon-
gate polysilicon structure has a length L. The portion of the
doped well adjacent the dielectric structure 1s electrically
coupled to a segment of the elongate polysilicon structure that
1s located away from a midpoint of the elongate polysilicon
structure by a predetermined distance that 1s measured along
the elongate polysilicon structure. The predetermined dis-

tance 1s 1n a range from about 0*L to about 0.1*L.
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HIGH VOLTAGE RESISTOR WITH
BIASED-WELL

PRIORITY DATA

The present application 1s a divisional patent application of

U.S. patent application Ser. No. 13/100,714, filed on May 4,
2011, now U.S. Pat. No. 8,786,050, 1ssued Jul. 22, 2014, the
disclosure of which 1s hereby incorporated by reference 1n 1ts
entirety.

BACKGROUND

The semiconductor integrated circuit (IC) industry has
experienced rapid growth. Technological advances in IC
materials and design have produced generations of ICs where
cach generation has smaller and more complex circuits than
the previous generation. However, these advances have
increased the complexity of processing and manufacturing
ICs and, for these advances to be realized, similar develop-
ments 1 IC processing and manufacturing are needed. In the
course of IC evolution, functional density (1.e., the number of
interconnected devices per chip area) has generally increased
while geometry size (1.¢., the smallest component that can be
created using a fabrication process) has decreased.

Various types of passive circuit components may be fabri-
cated on a semiconductor water. For example, a resistor may
be formed as a passive circuit component on a waler. Some
applications require these resistors to withstand high volt-
ages, Tor example voltages as high as a few hundred volts.
However, conventional high voltage resistors may sufler from
device breakdown 1ssues before a sutliciently-high voltage 1s
reached.

Therefore, while existing high voltage resistor devices
have been generally adequate for their intended purposes,
they have not been entirely satisfactory 1n every aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It 1s emphasized that, in accordance with the
standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various features
may be arbitrarily increased or reduced for clarity of discus-
S101.

FI1G. 1 1s a flowchart illustrating a method for fabricating a
high voltage semiconductor device according to various
aspects of the present disclosure.

FIGS. 2-5 are diagrammatic fragmentary cross-sectional
side views of a portion of a waler at various stages of fabri-
cation 1n accordance with various aspects of the present dis-
closure.

FIGS. 6-8 are simplified top views of different embodi-
ments of a high voltage resistor according to various aspects
of the present disclosure, respectively.

FI1G. 9 15 a chart illustrating a relationship between break-
down voltage VS electrical biasing voltage of a high voltage
N-well according to various aspects of the present disclosure.

DETAILED DESCRIPTION

It 1s to be understood that the following disclosure provides
many different embodiments, or examples, for implementing,
different features of the invention. Specific examples of com-
ponents and arrangements are described below to simplify the
present disclosure. These are, of course, merely examples and
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2

are not intended to be limiting. Moreover, the formation of a
first feature over or on a second feature 1n the description that
follows may include embodiments 1n which the first and
second features are formed 1n direct contact, and may also
include embodiments 1n which additional features may be
formed interposing the first and second features, such that the
first and second features may not be 1n direct contact. Various
features may be arbitrarily drawn 1n different scales for the
sake of simplicity and clarity.

[lustrated 1n FIG. 1 1s a flowchart of a method 20 according,
to various aspects of the present disclosure. The method 20
begins with block 22 1n which a first doped well 1s formed 1n
a substrate. The method 20 continues with block 24 1n which
a dielectric structure 1s formed partially over the doped well.
The method 20 continues with block 26 1n which an elongate
resistor over the dielectric structure. The elongate resistor has
a first distal end and a second distal end opposite the first
distal end. The method 20 continues with block 28 1 which
an mterconnect structure 1s formed over the elongate resistor.
The interconnect structure couples together the doped well
with a segment of the elongate resistor. The segment 1s dis-
posed between the first and second distal ends.

FIGS. 2-5 are diagrammatic fragmentary cross-sectional
side views of various portions of a semiconductor water at
various fabrication stages according to embodiments of the
present disclosure. It is understood that FIGS. 2 to 5 have been
simplified for a better understanding of the inventive concepts
of the present disclosure.

Referring to FIG. 2, aportion of a substrate 50 1s 1llustrated.
The substrate 50 1s doped with a P-type dopant such as boron.
In another embodiment, the substrate 50 may be doped with
an N-type dopant such as phosphorous or arsenic. The sub-
strate 50 may also include other suitable elementary semicon-
ductor materials, such as diamond or germanium; a suitable
compound semiconductor, such as silicon carbide, indium
arsenide, or indium phosphide; or a suitable alloy semicon-
ductor, such as silicon germanium carbide, gallium arsenic
phosphide, or gallium mdium phosphide. Further, the sub-
strate 50 could include an epitaxial layer (epi1 layer), may be
strained for performance enhancement, and may include a
s1licon-on-sulator (SOI) structure.

Doped wells 60 are formed 1n the substrate. The doped
wells 60 are doped with the same doping polarity as that of the
substrate. In the embodiment shown, the doped wells 60 are
formed to be P-wells. A high voltage well 70 1s then formed 1n
the substrate 50. The high voltage well 70 1s doped with a
dopant having an opposite doping polarity than the substrate
50. Thus, the high voltage well 70 1s a high voltage N-well
(HVNW) 1n the embodiment shown. One or more buried
N-wells (not illustrated herein) may also be formed 1n the
substrate 50 before the HVNW 70 1s formed. The doped wells
60, the HVNW 70, and the buried N-wells may be formed by
a plurality of 1on implantation processes known 1n the art. For
example, the HVNW 70 may be formed by an implantation
process having a dose that is in a range from about 3x10"~
atoms/centimeter” to about 4x10"'* atoms/centimeter®. The
buried N-wells may be formed by an implantation process
having a dose that is in a range from about 1x10'* atoms/
centimeter” to about 2x10"'* atoms/centimeter®. The doped
wells 60, the HVNW 70, and the buried N-wells may also be
referred to as doped regions.

Isolation structures 80-81 are formed over the doped wells
60, and an 1solation structure 82 1s formed over the HVNW
70. The 1solation structures 80-82 may include a dielectric
material. The 1solation structure 82 has a thickness 90. In an
embodiment, the thickness 90 1s 1n a range from about 0.2
microns (um) to about 1 um. In the embodiment shown in
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FI1G. 2, the 1solation structures 80-82 are Local Oxidation of
Silicon (LOCOS) devices (also referred to as field oxide). The
LOCOS devices may be formed using a nitride mask and
thermal-growing an oxide material through the mask open-
ings. Alternatively, the 1solation structures 80-82 may include
shallow trench 1solation (STI) devices or deep trench 1sola-
tion (DTT) devices.

Thereafter, active regions of transistors are defined, and
transistor devices (not shown) are formed. For example, these
transistor devices may be Field Effect Transistor (FET)
devices and may include source/drain regions and gate struc-
tures. The source/drain regions may be doped regions formed
in the substrate 50 or a doped well, and the gate structures may
include either polysilicon gate structures or metal gate struc-
tures. These gate structures may be referred to as low-voltage
(LV) gate structures, as they are designed to handle voltages
as high as a few volts.

Referring now to FIG. 3, a resistor device 100 1s formed
over the 1solation structure 82. The resistor device 100 has an
clongate and winding shape. In one embodiment, the resistor
device 100 has a zig-zag (or an S shape). In another embodi-
ment, the resistor device 100 has a spiral shape. In yet another
embodiment, the resistor device 100 has a square shape.
These shapes will be more clearly viewed with reference to
FIGS. 6-8 below, which illustrate top views of the resistor
device 100. In the cross-sectional view shown 1n FIG. 3, the
resistor device 100 appears as a plurality of resistor blocks
100A-100G. It 1s understood, however, that these resistor
blocks 100A-100G are actually parts of an individual elon-
gate resistor device.

In an embodiment, the resistor device 100 includes a poly-
silicon maternal, and may therefore be referred to as a poly-
silicon resistor. The polysilicon resistor 100 1s designed to
handle high voltages, for example voltages greater than about
100 volts, and may be as high as a few hundred volts. Thus, the
polysilicon resistor 100 may also be referred to as a high
voltage device. In that case, the polysilicon resistor 100 may
be formed at the same time as when other high voltage poly-
s1licon gates are formed. In other words, the polysilicon resis-
tor 100 may be formed using the same processes that form
other high voltage polysilicon gates.

Thereafter, heavily doped regions 110-111 are formed at
the upper surface of the HVNW 70 and adjacent the 1solation
structure 82. In the embodiment shown, the heavily doped
regions 110-111 are formed 1n between the 1solation struc-
tures 80-82 and 81-82, respectively. The heavily doped
regions 110-111 may be formed by one or more 1on implan-
tation processes. The heavily doped regions 110-111 have the
same doping polarity (1n this case N-type) as the HVNW 70,
but with a higher doping concentration. The heavily doped
regions 110-111 have a doping concentration level thatisin a
range from about 1x10'” atoms/centimeter to about 1x10°°
atoms/centimeter.

Referring now to FIG. 4, an interconnect structure 150 1s
formed over the 1solation structures 80-82, the heavily doped
regions 110-111, and the resistor device 100. The 1ntercon-
nect structure 150 includes a plurality of patterned dielectric
layers and conductive layers that provide interconnections
(e.g., wiring) between circuitries, inputs/outputs, and various
doped features (for example, the HVNW 70). In more detail,
the interconnect structure 150 may include a plurality of
interconnect layers, also referred to as metal layers. Each of
the interconnect layers includes a plurality of interconnect
teatures, also referred to as metal lines. The metal lines may
be aluminum interconnect lines or copper 1nterconnect lines,
and may include conductive materials such as aluminum,
copper, aluminum alloy, copper alloy, aluminum/silicon/cop-
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per alloy, titanium, titanium nitride, tantalum, tantalum
nitride, tungsten, polysilicon, metal silicide, or combinations
thereof. The metal lines may be formed by a process including
physical vapor deposition (PVD), chemical vapor deposition
(CVD), sputtering, plating, or combinations thereof.

The interconnect structure 1350 includes an interlayer
dielectric (ILD) that provides 1solation between the 1ntercon-
nect layers. The ILD may include a dielectric material such as
a low-k material or an oxide material. The interconnect struc-
ture 150 also includes a plurality of contacts/contacts that
provide electrical connections between the different intercon-
nect layers and/or the features on the substrate, such as the
HVNW 70 or the resistor device 100.

As part of the interconnect structure, a contact 160 1is
formed on the heavily doped region 110. As such, the contact
160 1s electrically coupled to the heavily doped region 110
and therefore electrically coupled to the HVNW 70. An elec-
trical bias can be applied to the HVNW 70 through the contact
160. Mecanwhile, another contact 161 1s formed on a segment
100D of the resistor device. The segment 100D 1s located
between two opposite distal ends of the resistor device 100
(e.g., 100A and 100G), and 1t 1s located at or near a midpoint
of the resistor device 100.

The midpoint of the resistor device 1s a point on the resistor
device that1s equidistant from the two opposite distal ends. As
an example, 11 the resistor device 100 has a total length L that
1s measured along all the windings or turns of the resistor
device, then the midpoint of the resistor device 100 1s a point
that 1s 0.5*L away from either of the two distal ends. Resis-
tance of a device 1s a function of the device’s length, width,
height, and material. Thus, 1n an embodiment where the resis-
tor device 100 has a relatively uniform width, height, and
material composition throughout, the resistance of the por-
tion of the resistor device on either side of the midpoint 1s
0.5*(overall resistance of the resistor device). According to
Kirchhoil’s law, voltage=current*resistance. Thus, as current
remains fixed, voltage varies linearly with resistance. This
means that a voltage at the midpoint of the resistor device 1s
about 0.5*(V .= Vo), Wherein V., 1s defined as the high
voltage at one of the distal ends, and'V,__ 1s defined as the low
voltage at one of the distal ends (which 1s typically electri-
cally grounded).

In the present embodiment, the segment 100D (coupled to
the contact 161) 1s within 0.1*L of the midpoint of the resistor
device 100, where L=overall length of the resistor device.
Stated differently, the segment may be at, or no farther than,
0.1*L away from the midpoint. Another way of expressing
this relationship 1s that a distance between the segment 100D
and either the distal end 100A or the distal end 100G 1s 1n a
range from about 0.4*L to about 0.6*L.

The interconnect structure 150 includes a metal line (or
interconnect line) 170 that 1s electrically coupled to both the
contact 160 and the contact 161. In this manner, the HVNW
70 1s electrically biased to the same voltage as the segment
100D of the resistor device. In other words, the voltage at the
segmented 100D—which will be a percentage of the voltage
applied to one of the distal ends of the resistor device 100—
will be the voltage at the HVNW 70. This type of biasing
scheme offers advantages, which will be discussed below 1n
more detail.

Referring now to FIG. §, the distal end 100A of the resistor
device 1s coupled to a terminal 200, and the distal end 100G of
the resistor device 1s coupled to a terminal 201. The terminals
200 and 201 include conductive materials such as Al or Cu, or
combinations thereof. The terminals 200 and 201 may be
clectrically coupled to the distal ends 100A and 100G through

one or more respective contacts/contacts and/or metal lines,
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which are not necessarily illustrated 1n detail herein for the
sake of simplicity. The terminals 200-201 also may or may
not be formed directly over the resistor device 100.

The terminals 200 and 201 serve as electrical input/output
points (or access points) for the resistor device 100. For
example, a high voltage (on the order of a few hundred volts)
can be applied to the terminal 200 while the terminal 201 can
be grounded. Vice versa, a high voltage can be applied to the
terminal 201 while the terminal 200 can be grounded.

As discussed above, the segment 100D experiences only a
fraction of the high voltage applied at either the terminal 200
or the terminal 201. As an example, 1n an embodiment where
a voltage of about 500 volts 1s applied to the terminal 201 and
the terminal 200 1s grounded, and where the segment 100D 1s
located substantially at the midpoint of the resistor device
100, then the voltage at the segment 100D will be about 250
volts. As the location of segment 100D moves away from the
midpoint and toward either the distal ends 100A or 100G, the
voltage measured at the segment 100D will also drift away
from 250 volts.

In an embodiment where V, , 1s applied at one of the
terminals 200-201, and the other one of the terminals 1is
grounded, and the location of segment 100D 1s within 0.1*L
away from the midpoint of the resistor device, then the volt-
age at the segment 100D will be 1 a range from about
0.4%V ., to about 0.6%V,, ,. for example at about
0.5%V p,.5,- Since the heavily doped region 110 (and therefore
the HVNW 70) 1s tied to segment 100D, this means the
HVNW 70 1s electrically biased to the voltage at segment
100D. In other words, the HVNW 70 1s electrically biased
close to a middle of the voltage difference between the two
terminals 200-201, which 1s not done 1n conventional high
voltage devices. Thus, for conventional high voltage devices,
a high voltage potential exists between the HVNW and one of
the distal ends of the resistor device. The device may sufler
breakdown 1ssues caused by such high voltage potential. The
device breakdown 1s typically limited by the thickness 90 of
the 1solation structure 82. Typically, the conventional high
voltage devices may experience device breakdown issues
when V , , exceeds about 470 volts.

In comparison, the embodiments herein electrically bias
the HVNW 70 to have a voltage that 1s close to a middle of the
voltage difference between the two terminals 200-201. As
such, the device can tolerate a higher voltage difference
betore breakdown occurs, since the voltage at the HVNW 70
1s not too ditferent from either V, , orV, . . As an example,

L ] it ik

the device herein can tolerate a voltage difference of about
730 volts 1n an embodiment, as the HVNW 70 1s biased to
about halt of 730 volts, which 1s about 365 volts. Stated
differently, the device only needs to tolerate about 3635 volts to
enable a high voltage of about 730 volts to be applied to one
of 1ts terminals (the other terminal 1s grounded). Meanwhile,
the thickness 90 of the 1solation structure can remain about
the same as conventional devices, since the embodiments
herein need not rely on increase 1n thickness of the 1solation
structure 82 to improve 1ts tolerance of high voltages. Addi-
tionally, the biased HVNW 70 may also extend a depletion
region 1n the substrate 50, which may further improve the
device’s electrical performance.

Additional fabrication processes may be performed to
complete the fabrication of the semiconductor device shown
in FIGS. 2-5. For example, the semiconductor device may
undergo passivation, waler acceptance testing, and water dic-
ing processes. For the sake of simplicity, these additional
processes are not shown or discussed herein.

Referring now to FIG. 6, a simplified top view of an
embodiment of a resistor device 100A 1s illustrated. In this
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embodiment, the resistor device 100A has an elongated zig-
zag shape, or an S-shape. The resistor device 100A has two
opposite distal ends 260 and 270. The distal ends 260 and 270
are electrically coupled to terminals 280 and 290, respec-
tively. A high voltage may be applied to the terminal 280
while the terminal 290 1s grounded, or vice versa. Thus, a high
voltage potential exists across the resistor device 100A
through the terminals 260 and 270. The resistor device 100 A
has a midpoint 300 that 1s equidistant (1n terms of distance
along the resistor 100A, rather than absolute distance
between two points) from the two distal ends 260 and 270.
According to the various aspects of the present disclosure, a
high voltage N-well underneath the resistor device 100A may
be electrically coupled to the midpoint 300, or close to 1t (1or
example within 10% of the total length of the resistor device
100A). As discussed above, such configuration allows the
resistor device 100A to have better breakdown perfor-
mance—it can tolerate a higher voltage before breakdown
OCCUrS.

FI1G. 7 1llustrates another simplified top view of an embodi-
ment of a resistor device 100B. In this embodiment, the
resistor device 100B has an elongated square shape. The
resistor device 100B has two opposite distal ends 330 and
340. The distal ends 330 and 340 are electrically coupled to
terminals 350 and 360, respectively. A high voltage may be
applied to the terminal 350 while the terminal 360 1is
grounded, or vice versa. Thus, a high voltage potential exists
across the resistor device 100B through the terminals 350 and
360. The resistor device 100B has a midpoint 370 that is
equidistant (in terms of distance along the resistor 100B,
rather than absolute distance between two points) from the
two distal ends 330 and 340. According to the various aspects
of the present disclosure, a high voltage N-well underneath
the resistor device 100B may be electrically coupled to the
midpoint 370, or close to 1t ({or example within 10% of the
total length of the resistor device 100B). For reasons similar
to those discussed above with reference to FIG. 6, such con-
figuration allows the resistor device 100B to have better
breakdown performance.

FIG. 8 illustrates another simplified top view of an embodi-
ment of a resistor device 100C. In this embodiment, the
resistor device 100C has an elongated spiral shape. The resis-
tor device 100C has two opposite distal ends 410 and 420. The
distal ends 410 and 420 are electrically coupled to terminals
430 and 440, respectively. A high voltage may be applied to
the terminal 430 while the terminal 440 1s grounded, or vice
versa. Thus, a high voltage potential exists across the resistor
device 100C through the terminals 430 and 440. The resistor
device 100C has a midpoint 450 that 1s equidistant (in terms
of distance along the resistor 100C, rather than absolute dis-
tance between two points) from the two distal ends 410 and
420. According to the various aspects of the present disclo-
sure, a high voltage N-well underneath the resistor device
100C may be electrically coupled to the midpoint 450, or
close to 1t ({or example within 10% of the total length of the
resistor device 100C). For reasons similar to those discussed
above with reference to FIG. 6, such configuration allows the
resistor device 100C to have better breakdown performance.

FIG. 9 15 a chart 500 illustrating the relationship between
breakdown voltage and the biased voltage of the high voltage
N-well. An X-axis of the chart 500 represents the amount of
bias voltage at the high voltage N-well below the resistor
device. This bias voltage varies depending on where 1n the
resistor device the high voltage N-well 1s tied to. A Y-axis of
the chart 500 represents the breakdown voltage (BV). For
example, at point 510, the high voltage N-well 15 tied to a
point on the resistor device that 1s 0.1*L away from the high
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voltage distal end, where L=total length of the resistor device.
Thus, the bias voltage of the N-well at point 510 1s 0.9*VH,
where VH=voltage difference applied across the resistor
device. Since point 510 1s relatively close to the distal end and
not close to the midpoint of the resistor device, the breakdown
voltage at point 510 1s not optimal—slightly less than about
400 volts 1n this case.

Similarly, at point 520, the high voltage N-well 1s tied to a
point on the resistor device that 1s 0.3*L away from the high
voltage distal end, and the bias voltage of the N-well at point
52015 0.7*VH. Since point 520 1s closer to the midpoint of the
resistor device than point 510, the breakdown voltage at point
520 1s better—slightly greater than about 520 volts 1n this
case—even though it 1s still not optimal vet.

At point 530, the high voltage N-well 1s tied to approxi-
mately the midpoint of the resistor device, and the bias volt-
age of the N-well at point 530 1s 0.5*VH. The breakdown
voltage at point 530 1s now substantially optimal and reaches
about 730 volts.

At points 540 and 550, the high voltage N-well 1s tied to
points on the resistor device that 1s 0.7*L away and 0.9*L
away from the high voltage distal end (or 0.3*L away and
0.1*L away from the low voltage distal end), respectively.
Thus, the bias voltage at points 540 and 550 are at 0.3*VH and
0.1*VH, respectively, and the breakdown performance of the
resistor device at points 5340 and 550 once again begin suifer.
Thus, from the chart 500, 1t can be seen that the resistor device
tends to reach optimal breakdown performance when the high
voltage N-well 1s tied close to the midpoint of the resistor
device.

The embodiments discussed above offer advantages over
conventional high voltage devices, 1t being understood that
different embodiments may offer different advantages, and
that no particular advantage 1s required for all embodiments.
One advantage 1s that through proper biasing of the high
voltage N-well, the breakdown performance of the resistor
device can be signmificantly improved. Another advantage 1s
that the biasing of the high voltage N-well requires no extra
tabrication processes and 1s compatible with existing process
flow. Thus, the implementation of the embodiments discussed
herein does not incur increased costs.

One of the broader forms of the present disclosure involves
a semiconductor device that includes: a doped region; an
isulating device disposed over a portion of the doped region;
a resistor disposed over the mnsulating device, wherein the
resistor includes a first terminal at one distal end and a second
terminal at an opposite distal end; and an interconnect struc-
ture disposed over the resistor, wherein the interconnect
structure 1s coupled to both the doped region and a portion of
the resistor that 1s disposed in between the first and second
terminals.

Another of the broader forms of the present disclosure
involves a semiconductor device that includes: a substrate
doped with a first doping polarity; a doped well located 1n the
substrate, the doped well having a second doping polarity
opposite the first doping polanty; a dielectric structure
located on the doped well, wherein a portion of the doped well
adjacent the dielectric structure has a higher doping concen-
tration than a remaining portion of the doped well; and an
clongate polysilicon structure located on the dielectric struc-
ture; wherein: the elongate polysilicon structure has a length
L; the portion of the doped well adjacent the dielectric struc-
ture 1s electrically coupled to a segment of the elongate poly-
s1licon structure that 1s located away from a midpoint of the
clongate polysilicon structure by a predetermined distance
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that 1s measured along the elongate polysilicon structure; and
the predetermined distance 1s 1n a range from about 0*L to
about 0.1*L.
Still another of the broader forms of the present disclosure
involves a method. The method includes: forming a doped
well 1n a substrate; forming a dielectric structure partially
over the doped well; forming an elongate resistor over the
dielectric structure, the elongate resistor having a first distal
end and a second distal end opposite the first distal end; and
forming an 1nterconnect structure over the elongate resistor,
wherein the interconnect structure couples together the doped
well with a segment of the elongate resistor that 1s disposed
between the first and second distal ends.
The foregoing has outlined features of several embodi-
ments so that those skilled 1n the art may better understand the
detailed description that follows. Those skilled in the art
should appreciate that they may readily use the present dis-
closure as a basis for designing or modifying other processes
and structures for carrying out the same purposes and/or
achieving the same advantages of the embodiments intro-
duced herein. Those skilled in the art should also realize that
such equivalent constructions do not depart from the spirit
and scope of the present disclosure, and that they may make
various changes, substitutions and alterations herein without
departing from the spirit and scope of the present disclosure.
What 1s claimed 1s:
1. A method of fabricating a semiconductor device, com-
prising;:
forming a doped region 1n a substrate, the doped region and
the substrate having opposite types of conductivity;

forming an 1solation structure over a portion of the doped
region, the 1solation structure having electrical 1solation
properties;

forming a resistor over the 1solation structure, the resistor

having a first distal end and a second distal end opposite
the first distal end; and

forming an interconnect structure over the substrate,

wherein the interconnect structure includes intercon-
necting elements that electrically couple the doped
region with a segment of the resistor that 1s disposed
within 10% of a length of the resistor away from a
midpoint of the resistor, and wherein the segment of the
resistor 1s 1n direct physical contact with at least one of
the interconnecting elements.

2. The method of claim 1, wherein:

the forming of the resistor comprises forming a polysilicon

resistor; and

the forming of the 1solation structure comprises forming

field oxide as the isolation structure.

3. The method of claim 1, wheremn the forming of the
resistor comprises forming the resistor with one of: a zig-zag
shape, a square shape, and a spiral shape.

4. The method of claim 1, wherein the forming of the doped
region comprises forming a heavily doped sub-region near an
upper suriace of the doped region, wherein the heavily doped
sub-region has a higher doping concentration than the doped
region.

5. The method of claim 4, wherein the forming of the
interconnect structure comprises forming a first contact, a
second contact, and a metal line electrically interconnecting
the first contact and the second contact, wherein:

the first contact 1s electrically coupled to the heavily-doped

sub-region; and

the second contact 1s electrically coupled to the segment of

the resistor.

6. The method of claim 5, wherein the forming of the
interconnect structure 1s performed such that:
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the first contact 1s 1n direct physical contact with the

heavily-doped sub-region; and

the second contact 1s in direct physical contact with the

segment of the resistor.

7. The method of claim 1, wherein the forming of the doped
region comprises forming a buried well.

8. A method of fabricating a semiconductor device, com-
prising;:

forming a doped well 1n a substrate, the doped well and the

substrate having different types of conductivity;
forming an electrically-insulating structure over a portion
of the doped region;
forming an elongate resistor over the electrically-insulat-
ing structure, the elongate resistor having a first distal
end and a second distal end opposite the first distal end,
wherein a distance from the first distal end to the second
distal end defines a length L of the elongate resistor; and

forming an interconnect structure over the electrically-
insulating substrate, wherein the interconnect structure
includes: a first contact, a second contact, and an inter-
connect line electrically interconnecting the first contact
and the second contact, wherein the doped well and a
segment of the elongate resistor are electrically biased to
the same voltage potential through the first and second
contacts and the interconnect line, and wherein the seg-
ment of the elongate resistor 1s located within 0.1 *L of a
midpoint of the elongate resistor.

9. The method of claim 8, wherein:
the first contact 1s electrically coupled to the doped well;
the second contact 1s electrically coupled to the segment of

the elongate resistor; and

the interconnect line electrically couples the first and sec-

ond contacts together.

10. The method of claim 8, wherein the segment of the
clongate resistor includes the midpoint of the elongate resis-
tor.

11. The method of claim 8, wherein:

the forming of the elongate resistor comprises forming a

polysilicon resistor; and

the forming of the electrically-insulating structure com-

prises forming field oxide as the 1solation structure.

12. The method of claim 8, wherein the forming of the
clongate resistor comprises forming the elongate resistor with
one of: a zig-zag shape, a square shape, and a spiral shape.

13. A method of fabricating a semiconductor device, com-
prising;:
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forming a doped well 1n a substrate;

forming a dielectric structure partially over the doped well;

forming an elongate resistor over the dielectric structure,
the elongate resistor having a first distal end and a sec-
ond distal end opposite the first distal end, wherein the
clongate resistor has a length L. and a midpoint that 1s
disposed 0.5*L. away from the first distal end and the
second distal end; and

forming an 1nterconnect structure over the elongate resis-

tor, wherein the interconnect structure couples together

the doped well with a segment of the elongate resistor

that 1s disposed between the first and second distal ends

and less than about 0.1*L away from the midpoint, and

wherein the segment of the elongate resistor 1s 1n direct

physical contact with the interconnect structure.
14. The method of claim 13, wherein the segment of the
clongate resistor 1s disposed substantially at the midpoint.
15. The method of claim 13, wherein:
the forming the elongate resistor 1s carried out 1n a manner
such that the elongate resistor includes a polysilicon

material; and
the forming the dielectric structure 1s carried out in a man-

ner such that the dielectric structure includes field oxide.

16. The method of claim 13, wherein the forming the
clongate resistor 1s carried out n a manner such that the
clongate resistor includes one of: a zig-zag shape, a square
shape, and a spiral shape.

17. The method of claim 13, wherein the forming the doped
well 1s carried out 1n a manner such that the doped well and the
substrate have opposite doping polarities.

18. The method of claim 13, further including forming a
heavily doped region 1n the doped well, the heavily doped
region having a higher doping concentration than the doped
well, wherein the heavily doped region 1s disposed at an upper
surface of the doped well and adjacent the dielectric structure,
and wherein the forming the interconnect structure 1s carried
out 1n a manner such that:

the 1nterconnect structure includes a plurality of contacts
and a plurality of interconnect lines;

a subset of the contacts are coupled to the heavily doped
region and to the segment of the elongate transistor,
respectively; and

the subset of the contacts are coupled together by a subset
of the interconnect lines.

19. The method of claim 13, wherein an entirety of the

clongate resistor 1s formed on an upper surface of the dielec-
tric structure.
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